INTRODUCTION
Standard nomenclature used to describe pituitary adenomas is primarily based on size. Adenomas <10 mm are described as microadenomas, adenomas >10 mm are macroadenomas, adenomas >30 mm are large adenomas, and adenomas >40 mm are considered as giant pituitary adenomas. While it would seem logical that increasing tumor size would be associated with the increasing challenge of removal and associated www.surgicalneurologyint.com
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complications, there is a paucity of literature that investigates this relationship. To date, there has been only one study that concluded that increased size was correlated with increased mortality, [1] while other studies have lacked sufficient power to reach a definitive conclusion.
e current literature is unclear as to whether there exists a statistical difference between complications in adenoma resection of all sizes versus giant adenomas. One problem with the current literature is that a large series of pituitary resections do not specify complication rates based on size, and hence, the data are grouped together and unable to be compared to studies specifically of giant adenomas. Another barrier within the literature is that most papers specifically analyzing complications of giant have a rather small sample size limiting statistical significance.
In the current literature for giant adenomas, the rate of diabetes insipidus (DI) ranges from 1.7% to 9.8% [9, 12] versus 6.6 to 80%, [3, 11] , the rate of CSF leak is 0.32 to 5.6% [9, 10, 12] versus 0.0 to16.7%, [7, 11] the rate of meningitis 0.08 to 7.8% [2, 10, 13] versus 0.0 to 5.5%, [7] and the mortality rate ranges from 0.07% to 0.45% [1, 9, 12] versus 0.0 to 16%. [2] Previous studies that have evaluated risk factors for increased morbidity and mortality have identified an age >65 [1, 9] and performed a resection through a transcranial approach as predictors of increasing morbidity and mortality. ere have been two studies that sought to address whether the size of the adenoma correlates with mortality; one study found an increased giant adenoma rate of mortality 3.7% versus 0.1% [1] and the other did not achieve statistically significant result due to being underpowered. [2] While most case series discuss their operative mortality, to date, no study has attempted to address functional outcome by both pre-and postoperative Glasgow Coma Scale (GCS), Glasgow outcome scale, or Karnofsky Performance Score (KPS). Leung retrospectively reviewed 12 patients who underwent resection of either large or giant pituitary adenomas, and within their study group, only 25% of patients had a KPS of 100 at final followup. However, this study did not record preoperative KPS for comparison. [8] is study was undertaken to evaluate the possible correlations between tumor size and their associated surgical challenges and complication rates, as well as to determine whether characteristics of either the patient or tumor, other than tumor size, correlated with a change in functional status.
METHODS
Research approval was performed by the IRB at Arrowhead Regional Medical Center. A search of the neurosurgical database that is maintained at the hospital was performed to identify all patients undergoing resection of a pituitary adenoma consecutively from 2009 to 2015. Data to be recorded included the patients age at the time of surgery, presenting symptoms and GCS, GCS at discharge or 7 days postoperatively, GCS at 6 months, size of the pituitary adenoma, imaging characteristics of the tumor and brain before resection, postoperative complications, and patient mortality. Primary outcomes were mortality and 6 months' GCS. Patients >18 years old with a pathologically proven diagnosis of pituitary adenoma resected by any surgical approach were included in the study. e only exclusion criterion for the study was insufficient documentation of the above data points.
Imaging characteristics measured included the superior/inferior diameter of the tumor measured by a mid-sagittal magnetic resonance imaging (MRI) from the floor of the sella turcica to the superior end of tumor. Anteroposterior dimensions were obtained by measuring the maximal diameter of the tumor in the plane that is perpendicular to the line used in measuring the superior/inferior diameter. Maximal medial/lateral diameter was calculated as the maximal mediolateral diameter of the tumor on axial view MRI. e presence of preoperative hydrocephalus was evaluated on preoperative MRI as well as the presence of mass effect on the brainstem as evidence by deflection of the normal brainstem structures was also recorded. A single observer made all measurements.
Statistical analysis was performed using SPSS version 20. Chi-square analysis was performed to determine differences between qualitative data, and independent Student's t-test was chosen to evaluate the difference between quantitative data with P < 0.05 being considered statistically significant.
RESULTS
Two clinical determinations are important when reviewing the data. Does there exists a size after which complications become more frequent; and after identifying those patients who did not do well, are we able to identify risk factors that portend a worse prognosis?
In reviewing the data with regard to size, with macroadenomas defined as adenomas >1 cm but <4 cm, and giant adenomas being defined as adenomas >4 cm in maximal diameter, there were a total of five giant adenomas in our series of patients. ere was no difference in age or gender between patients with macro or giant adenomas. Patients with giant adenomas were, however, more likely to present with a cranial nerve (CN) palsy (P = 0.019), altered mental status (P = 0.0001), hydrocephalus (P = 0.002), or mass effect on the brainstem (P = 0.020). ere were no differences in the rates of visual changes, apoplexy, or endocrine dysfunction on presentation. Postoperatively, macroadenomas had a postoperative day 7 GCS of 14.22 versus 11.0 (P = 0.253), and a 6 month postoperative GCS of 14.13 versus 10.80 (P = 0.276). ere was an increased rate of stroke in patients with giant adenomas (P = 0.019). ere was no difference in the rate of postoperative transient DI, permanent DI, CN palsies, hemorrhage, or mortality.
When comparing patients who had a persistently depressed GCS at 6 months versus patients who either improved neurologically or remained at their baseline, there was no difference in age or sex between the two groups. Furthermore, there was no difference between the two groups in the rate of apoplexy, vision changes, endocrine changes, CN palsies, or hydrocephalus on presentation.
e average age of patients who experienced a decline in mental status versus no change was 41.25 versus 46.5 (P = 0.558). e mean maximum diameter of the adenoma in patients who experienced a decline in mental status was 41.25 versus 29.83 (P = 0.325). Other dimensions such as maximum cranial caudal diameter, mediolateral diameter, and anteroposterior diameter were not significantly different.
Patients with mass effect on the brainstem were more likely to experience a decline in mental status (P = 0.005) and present with an episode of altered mental status (P = 0.006). Postoperatively, all patients who had a decline in mental status were found to have either an ischemic stroke (P = 0.0001) or new intraparenchymal hemorrhage (P = 0.013). e postoperative decline in GCS, as evidenced by ischemic or hemorrhagic stroke, was only seen in patients with giant adenomas that had brain stem compression and an episode of altered mental status preoperatively. A preoperative altered mental status was not seen in all giant adenomas; however, all patients with a preoperative altered mental status had a giant adenoma and also a preoperative altered mental status was not seen in all patients with brainstem compression. All patients with postoperative mental status decline had documented vasospasms on transcranial Doppler. However, testing for vasospasms was only conducted in patients with postoperative mental status decline. is data is summarize in Table 1 .
DISCUSSION
Tumors resected through a craniotomy typically have characteristics that make them poor candidates for resection through other methods due to the inability to achieve maximal resection due to either its size or pattern of spread which makes parts of the tumor inaccessible through a transnasal approach. is pattern was reflected in our study in which only two craniotomies had been conducted, with both being performed on patients with giant adenomas. ere was a trend toward patients experiencing a decline in GCS postoperatively as the size of the adenoma increased; however, this was not statistically significant. Patients who presented with an episode of altered mental status (P = 0.006) and mass effect on the brainstem were more likely to experience a postoperative decline in mental status (P = 0.005) and/or death (P = 0.005). e patients who had a mass effect on the brainstem and experienced a decline due to infarction also had cerebral vasospasm on the side of the infarction. A tumor that is either invested in, adherent to, or significantly displacing the circle of Willis causing injury or spasm of these arteries preoperatively can be exacerbated during surgical resection.
CONCLUSION
e results of this retrospective cohort study demonstrate that postoperative mental status declines after giant pituitary adenoma resection can be directly related to brainstem compression and further surgical irritation of the surrounding vasculature. e intraoperative irritation can be multifactorial and may result as the decompressed brain structures assume their anatomical position.
While we found that only patients with preoperative altered mental status, giant pituitary adenoma, and mass effect on the brainstem were significantly more likely to experience a decline in mental status postoperatively, this was identified within a small sample size . Further, as we did not have many patients who underwent craniotomy as a means of resection, and thus we were unable to control for this confounding variable. At this time, future studies will need to be performed to determine whether these variables do indeed correlate with postoperative morbidity and mortality. A prospective study examining staged surgical resection to decrease postoperative mental status decline in patients presenting with a preoperative episode of altered mental status and brainstem compression from a giant pituitary adenoma should also be considered.
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